Background--The prognostic value of N-terminal pro-brain natriuretic peptide (NT-proBNP) in patients with hypertrophic cardiomyopathy who underwent septal myectomy has not been well studied.
H ypertrophic cardiomyopathy (HCM) is characterized by left ventricular (LV) hypertrophy not solely explained by secondary loading conditions. 1 According to previous reports, LV outflow tract (LVOT) obstruction is present in two thirds of patients with HCM. 1 For those with medically refractory symptoms, septal myectomy is the standard of care to relieve LVOT obstruction and its associated symptoms. 2, 3 In addition, those undergoing septal myectomy have excellent survival similar to that of an age-and sex-matched general population. 4, 5 Earlier studies reported several risk factors to predict postoperative outcomes of patients undergoing septal myectomy. 2, 6, 7 A variety of preoperative clinical variables, including increasing age, left atrial enlargement, and extensive late gadolinium enhancement in cardiac magnetic resonance imaging, have been described to predict postoperative prognosis. Because no gold standard for preoperative risk stratification exists, it is valuable to investigate novel predictors and add them to the preoperative risk evaluation of the postoperative outcomes. Pro-brain natriuretic peptide (proBNP) is a neurohormone synthesized and released primarily from cardiac myocytes as a response to wall stress. 8 The proBNP is cleaved into brain natriuretic peptide (BNP) and N-terminal proBNP (NT-proBNP).
NT-proBNP is a useful diagnostic and prognostic marker in heart failure and is also used in risk stratification of several cardiovascular disorders. 9, 10 Furthermore, it is considered to be more stable than BNP because of its relatively long halflife. 11 In HCM, NT-proBNP is reported to be associated with echocardiographic features and long-term outcomes. 12, 13 However, there is a paucity of data on the prognostic impact of NT-proBNP on survival in patients who underwent septal myectomy. Therefore, the purpose of this study was to determine the prognostic value of NT-proBNP in these patients.
Methods
The authors will not make the data, methods used in the analysis, and materials used to conduct the research available to any researcher for purposes of reproducing the results or replicating the procedure.
Study Population
A total of 787 patients with HCM with LVOT obstruction and drug-refractory symptoms who underwent septal myectomy in our center (by Dr Shuiyun Wang) were screened between March 2011 and April 2018. Medically refractory symptoms were defined as the persistence of symptoms despite maximally tolerated drug therapy. Data in our study showed that 582 patients received 1 drug, and 176 patients received more than 1 drug. Patients received maximal doses of drugs unless they could not tolerate the therapy. The diagnosis of HCM was based on the presence of myocardial hypertrophy (maximum wall thickness ≥15 mm) in the absence of any other cardiac or systemic cause that could lead to cardiac hypertrophy. Septal myectomy was performed in patients with HCM with medically refractory symptoms and maximum LVOT gradient or midventricular gradient ≥50 mm Hg at rest or with physiologic provocation. 14 We reviewed the medical records of these patients. Finally, 758 eligible patients with preoperative NTproBNP were included in this study. Demographic, clinical, and drug use data of these enrolled patients were obtained. The New York Heart Association class was identified by cardiologists before operation. The study was approved by the institutional review committee of Fuwai Hospital, Chinese Academy of Medical Sciences. All subjects gave informed consent.
Echocardiography
Transthoracic echocardiography including 2-dimensional and Doppler type was performed in each patient using an E9 ultrasound system (GE Healthcare, Horten, Norway). Basal subaortic and midventricular gradients were measured with continuous-wave Doppler in the apical 3-chamber view. LV enddiastolic diameter, LV ejection fraction, LV wall thickness, and left atrial diameter were quantified according to the recommendations of the American Society of Echocardiography. 15 Rest LVOT obstruction was documented when a peak gradient ≥30 mm Hg in normal conditions was identified by Doppler. 2 Mitral regurgitation was graded semiquantitatively and classified as mild, moderate, or severe. 16 Pulmonary hypertension was defined as a pulmonary artery systolic pressure ≥35 mm Hg.
NT-proBNP Measurement
Venous blood samples were obtained at the time of admission, which was within 10 days preceding myectomy. Blood samples were collected into tubes containing EDTA and immediately processed in the clinical lab in Fuwai Hospital. Plasma NT-proBNP was measured using an electrochemiluminescence immunoassay (NT-proBNP, Roche, Mannheim, Germany) by experienced operators. The sensitivity of the test is 5 pg/mL. Both intraassay and interassay coefficients of variance at 175 pg/mL are <5%.
Cardiac Surgery
As described previously, we performed an extended Morrow procedure. 14 The hypertrophic ventricular septum resulting in systolic anterior motion of the mitral valve and LVOT obstruction was resected. The resection ranges were as follows: in the long axis, the myectomy started from %4 mm below the aortic ring to the apex of the LV; in the short axis, the myectomy started rightward to the nadir of the right aortic cusp and terminated near the mitral anterior commissure. Hypertrophy of the LV anterior free wall leading to LVOT narrowing might also require resection. Furthermore, the anomalous chordal attachments affecting the LVOT were also excised. If intraoperative transesophageal echocardiography detected a postoperative LVOT gradient >30 mm Hg or more than moderate mitral valve regurgitation after weaning from cardiopulmonary bypass, reoperation was required. Concomitant surgery was performed based on expert consensus among the experienced cardiac surgeons.
Clinical Perspective
What Is New?
• The N-terminal pro-brain natriuretic peptide level is associated with many clinical parameters in patients with hypertrophic cardiomyopathy with left ventricular outflow tract obstruction, and increased preoperative N-terminal pro-brain natriuretic peptide level is a strong predictor of midterm mortality in patients undergoing septal myectomy.
What Are the Clinical Implications?
• Preoperative measurement of N-terminal pro-brain natriuretic peptide may help in the preoperative risk stratification and management of patients with hypertrophic cardiomyopathy who desire to undergo septal myectomy. 
Follow-Up
Clinical status was obtained through phone interview with patients or family members at least yearly after septal myectomy. Patients who died were censored the same day.
The last follow-up of survivors was conducted on June 2018. Survival analysis included all-cause and cardiovascular mortality.
Statistical Analysis
Continuous values are presented as meanAESD. Categorical measures are presented as number (percentage). NT-proBNP was transformed using ln(NT-proBNP) to be treated as a normally distributed variable. Spearman rank correlation coefficients and Mann-Whitney U test were appropriately used to test the correlations of NT-proBNP levels and clinical variables. The study population was divided into 3 groups according to tertiles of NT-proBNP. Survival free from the end points of this study (including all-cause and cardiovascular mortality) was calculated by Kaplan-Meier survival analysis, and the log-rank test was used for comparison among the 3 groups. Univariable and multivariable Cox regression analyses were used to assess the association of individual variables with all-cause and cardiovascular mortality. Age, sex, and variables with P<0.1 in the univariable analysis were included in the multivariable analysis. Of note, all subjects who died from other causes in the study period have been included in the cardiovascular mortality models. These subjects were treated as censored subjects, and the follow-up time was defined as their dead time. Statistical tests were considered significant if a P-value was <0.05 (2 sided). All analyses were performed using SPSS version 22.0 (IBM, Armonk, NY) and GraphPad 7.10 (GraphPad Software, La Jolla, CA). (interquartile range 670-2626.8) pg/mL. NT-proBNP concentrations were higher in women (2590AE2200 pg/mL; median 1948.0 pg/mL, interquartile range 1025.0-3430.0 pg/mL) than in men (1635AE1849 pg/mL; median 1152.4 pg/mL, interquartile range 590.7-2026.8 pg/mL). The aortic clamp time, postoperative hospital stay, postoperative LVOT gradient, and maze procedure rate were significantly higher in the upper tertile ( Table 2) .
The association of NT-proBNP with demographic, clinical, and echocardiographic parameters is presented in Table 3 . NT-proBNP had a positive correlation with left atrial diameter and maximum wall thickness and a negative correlation with LV end-diastolic diameter. Moreover, NT-proBNP correlated with male sex, LVOT obstruction at rest, moderate or severe mitral regurgitation, pulmonary hypertension, and history of atrial fibrillation.
Survival After Septal Myectomy
During a median follow-up period of 936 (interquartile range 472-1758) days, 22 patients (2.9%) died. Of these, 19 (86.4%) were cardiovascular deaths including 10 sudden cardiac deaths, 7 deaths related to heart failure, and 1 death each from myocardial infarction and infective endocarditis. The 3- year survival of this study cohort was 97.5% (95% CI 94.0% to 98.3%). The 3-year survival free from all-cause mortality was 95.2% (95% CI 91.1% to 97.4%) in the upper tertile (NT-proBNP >2080 pg/mL), 98.3% (95% CI 94.6% to 99.5%) in the middle tertile (NT-proBNP, 947-2080 pg/mL), and 99.2% (95% CI 94.4% to 99.9%) in the lowest tertile (NT-proBNP <947 pg/ mL). The 3-year survival free from cardiovascular mortality was 95.2% (95% CI 91.1% to 97.4%) in the upper tertile, 98.8% (95% CI 95.0% to 99.7%) in the middle tertile, and 99.2% (95% CI 94.4% to 99.9%) in the lowest tertile. The Kaplan-Meier lifetime analysis showed a significant difference in the survival free from either all-cause mortality (overall log-rank P=0.0014, Figure 1 ) or cardiovascular mortality (overall logrank P<0.001, Figure 2 ) among the 3 groups. Furthermore, the survival free from all-cause mortality was significantly lower in the highest tertile (log-rank P=0.0048 for highest and middle tertiles, and log-rank P=0.0014 for highest and lowest tertiles, while log-rank P=0.16 for lowest and middle tertiles). The survival free from cardiovascular mortality was significantly lower in the highest tertile (log-rank P=0.0017 for highest and middle tertile, and log-rank P=0.0014 for highest and lowest tertile, while log-rank P=0.60 for lowest and middle tertile).
Predictors of All-Cause and Cardiovascular Mortality
Univariable and multivariable Cox regression analyses were performed to investigate the predictors of all-cause and cardiovascular mortality in the midterm follow-up. Ln(NTproBNP) was a significantly independent predictor of all-cause mortality (hazard ratio 2.380, 95% CI 1.356-4.178, P=0.003) and cardiovascular mortality (hazard ratio 2.788, 95% CI 1.450-5.362, P=0.002). In addition, concomitant CABG for coronary artery disease was also an independent predictor of cardiovascular mortality (hazard ratio 5.178, 95% CI 1.597-16.789, P=0.006) ( Table 4) .
Discussion
The present study demonstrates that an increased preoperative NT-proBNP level is associated with midterm all-cause and cardiovascular mortality. These data add valuable information in the risk stratification of patients who need to undergo septal myectomy. Moreover, we demonstrated that concomitant surgical operation is the independent predictor of cardiovascular death in the midterm follow-up. Elevated ventricular wall stress stimulates the secretion of proBNP, and then proBNP is cleaved into BNP and NTproBNP. 8 A previous study has shown that NT-proBNP level increases in patients with HCM relative to that in the general population. 13 Further analysis of NT-proBNP in HCM demonstrated its association with the severity of symptoms and echocardiographic patterns. 17, 18 In 2013, 2 large studies focusing on the predictive role of BNP and NT-proBNP in HCM identified that either BNP or NT-proBNP was an independent predictor of survival regardless of the presence or absence of LVOT obstruction. 13, 19 These findings reflect the prognostic utility of NT-proBNP in patients with HCM. The presence of LVOT obstruction increases the hemodynamic burden on the LV, which could result in the elevation of the NT-proBNP level. In this study we confirmed the relationship of NT-proBNP and LVOT obstruction and markers of increased LV filling pressures including left atrial diameter and pulmonary hypertension. Furthermore, we also found that NT-proBNP was related to moderate or severe mitral regurgitation. Additionally, long-standing LVOT obstruction could also to some extent account for the elevation of NT-proBNP.
Septal myectomy is a reliable and safe approach to relieve LVOT obstruction and gives most patients a lifespan similar to that in an age-matched population. 5, 20 The midterm mortality in the current study is low, with a 3-year survival rate of 97.5%. Previously, we reported the significant decrease in BNP after septal myectomy. 21 Thus, NT-proBNP could serve as a useful biomarker to reveal the change in LVOT gradient and LV filling pressure and predict the clinical outcome in those undergoing septal myectomy. Several studies have been designed to investigate the predictors of postoperative survival in patients undergoing septal myectomy. 2, 6, 7 Increasing age, preoperative atrial fibrillation, left atrial enlargement, concomitant CABG, and extensive late gadolinium enhancement help predict postoperative survival of patients undergoing septal myectomy. 3, 7 So far, few studies have evaluated the ability of preoperative NTproBNP to predict postoperative survival after septal myectomy in patients with LVOT obstruction-related symptoms. Data from this study show that postoperative survival was significantly lower in those patients with preoperative NTproBNP ≥2080 pg/mL. Furthermore, NT-proBNP is an independent predictor of midterm all-cause mortality in patients who underwent septal myectomy. The predictive ability is much higher for cardiovascular death (mostly heart failure deaths and sudden cardiac death). In the context of the known association of NT-proBNP with adverse cardiac remodeling 17, 18 and late gadolinium enhancement described by cardiac magnetic resonance imaging, 22 these results could be reasonable. Concomitant CABG for coronary artery disease is also independently associated with midterm cardiovascular mortality in this cohort. This finding is consistent with previous reports. Woo and colleagues 3 demonstrated that concomitant CABG at the time of myectomy was associated with long-term mortality. Coronary atherosclerosis in HCM is likely to be associated with myocardial ischemia, which has been reported to adversely affect the prognosis. 23, 24 Contrary to a previous report, 3 increasing age, preoperative atrial fibrillation, and left atrial enlargement were not related to postoperative survival in this study. However, preoperative left atrial diameter ≥45 mm was related to midterm cardiovascular mortality in a univariable Cox regression analysis. The discrepancy could be partly explained by the low mortality rate during a relatively short follow-up period. Preoperative NT-proBNP might not be reliable as a "standalone" risk factor for outcomes in clinical practice because of the presence of other reported factors. 3, 7 However, based on our study, we believe that preoperative measurement of NTproBNP is useful in clinical practice. Preoperative measurement of NT-proBNP might help clinicians in making therapeutic decisions about adopting the appropriate operative strategies and conducting longer postoperative intensive care unit observation, which might improve the outcome. Moreover, low levels of NT-proBNP might predict a good outcome, but closer clinical, echocardiographic, and electrocardiographic follow-up after septal myectomy is necessary in patients with high levels of NT-proBNP.
Study Limitations
This is a retrospective study with some inherent limitations. The number of patients who died was small, resulting in wide CIs. The present study was an observational, single-center study, and the current results may not be entirely generalizable. As a retrospective study, we had to exclude those patients without records of preoperative NT-proBNP, which could affect the results to some extent. We could not obtain enough postoperative information to evaluate the prognostic value of the change in NT-proBNP from preoperation to follow-up.
Conclusions
The present study demonstrates that preoperative NT-proBNP level is an independent predictor of midterm survival in patients who underwent septal myectomy. Our findings suggest that measurement of NT-proBNP may help in the preoperative risk stratification and management of patients with HCM who are desired to undergo septal myectomy.
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